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Foreword. 


Our original intention was to provide the possible detection of cosmic 
elements by spectral analysis of the local meteorite material; but 
already at the beginning of the work the impracticability of the same 
was found on the basis of the spectral examinations of earthly 
elements available at that time. In addition to the fact that the spectra 
of many elements were completely unknown, the measurements of 
the known ones were obtained in many cases under such different 
circumstances and with such of various degrees of accuracy that with 
the help of the same a reasonably certain identification of unknown 
lines is impossible. 


It therefore seemed to us above all important to measure the spectra 
of all known elements using a uniform method and with such a 
degree of accuracy that this creates a secure basis for spectral analysis 
investigations; We carried out these measurements and published the 
results of them in a series of papers in the meeting reports of the 
Imperial Academy of Sciences in Vienna (Vol. 104-110, 1895-1901). 
Since we were able to switch to larger grids and thus to greater 
accuracy in the course of these measurements, we had to repeat a 
large part of our older measurements in order to maintain their 
uniformity. The numerical material of the present work from which 
we obtained it was thus obtained hope that it will be particularly 
useful to chemists and astronomers in their investigations. 


If we managed to get all of the currently chemically secured elements 
in a quantity and purity that is necessary for our purposes, which at 
first seemed hardly possible, we owe it primarily to the amicable 
courtesy of many scholars who are otherwise not available to us. 
often have made precious preparations available in every respect. It is 
a pleasant duty to all of these gentlemen, especially Mr. C. Auer from 
Welsbach in Vienna, PT Cleve in Upsala, P. Curie in Paris, E. 
Demarcgay in Paris, L. Haitinger in Vienna, A. Langlet in Gothenburg, 
H. Moissan in Paris, W. Muthmann in Munich, LF Nilson in 
Stockholm, H. Weidel in Vienna, C. Winkler in Freiberg at this point 
our warmest thanks to pronounce. We are also very grateful to Prof. 


K. Haas in Vienna, who provided us with considerable support in 
reviewing the painstaking corrections. 


Since it was hardly possible to avoid all errors with such a large work 
and with the compilation of so many tables, we ask everyone who 
uses the present work to make us aware of any errors in it. Finally, we 
want to express the hope that we will soon be able to summarize the 
arc spectra of all elements in an analogous manner, as has been done 
here with the spark spectra. 


Vienna, March 1902. 


Prof. Franz Exner, 
Dr E. Haschek. 


The numerical material found in the present work aims to facilitate 
spectral analysis. Those who are forced to deal with them will often 
have found it difficult to believe that the figures available so far, from 
different times and from different observers, were often incomplete 
and unusable in relation to a large number of elements. The fact that 
the most varied observation methods and these were used again with 
very varying accuracy, and that only in the rarest cases pure materials 
were used or the lines of the impurities were eliminated, also 
contributed greatly to these difficulties. It was therefore our intention 
to measure the spectra of all known elements using a thoroughly 
uniform method and with the same accuracy, a job that was not 
entirely small, both in terms of the procurement of the material and 
the execution of the measurements; if we were nevertheless able to 
carry it out without any special effort over the course of eighteen 
months and thereby achieved an accuracy beyond which there is 
hardly any value for spectral analysis purposes, we owe this 
primarily to the use of our type and method which differs from the 
usual comparator method Way of measuring the spectra. 


1. The recordings. If we chose the spark spectra for the type of 
spectra to be investigated, it was firstly because they were previously 
less known than the arc spectra, and secondly because in many cases 
they offer the possibility of using the substances purely without the 
aid of a Examine carbon electrode; moreover, where carbon electrodes 
have to be used, the cyan bands, which are very disturbing, occur far 
less intensely than in the arc spectrum. Since the spark of the 
Rhumkorff Coil lags behind the arc in terms of light intensity and has 
relatively long intermittencies, we decided to use a high-voltage 
transformer, which because of the large number of current changes in 
the primary circuit and the possibility of using high currents Inductor 
is far superior in performance. However, here too there are certain 
disadvantages. Low-viscosity or even small pieces of strictly flowing 
metals can melt or soften to such an extent that the spark current is 
interrupted. The appearance of the line shifts as a result of the high 
spark pressure, or rather the increased density of the luminous vapor, 
in particular in the case of the line-poor elements, occurs so strongly 


that difficulties often arise in the identification of lines, which we will 
come back to later. In contrast, the lines of the air and the cyan bands 
are weaker than in normal inductor sparks. As for the character of the 
spectrum generated by transformer sparks, it is generally identical to 
the spectrum of ordinary inductor sparks. Differences that occur 
mostly only concern the relative intensities and are only minor in 
nature. Compared to the arc, however, the variations are 
considerable, both in terms of intensity and the number and position 
of the lines. While the differences between different sparks are only 
noticeable in elements with little line, they appear between arcs and 
sparks in all elements; in general the spark spectra are much more 
linear. 


The circuit of the transformer was the same as that of an inductor and 
the capacitors were arranged parallel to the spark gap. The 
transformer was operated with alternating current of 100 volts, 12--15 
amperes and 80 changes per second and supplied a secondary voltage 
of approximately 10,000 volts. Franklin plates were used as 
capacitors, which, arranged in groups of 125 m capacity, could be 
connected in different numbers during the spark transition. All 
recordings made for the present work were made with a maximum 
capacity of 750 m. The spark gap itself, adjustable in height by tooth 
and drive and by turning around an axis, carries four iron pliers 
arranged in circles above and below, so that different substances 
could be brought into the spark current quickly one after the other by 
rotating the pliers carrier. 


The grid arrangement was that given by Rowland; the gap is at the 
apex of the right angle, along the legs of the camera and gratings are 
slidably arranged so that their distance always remains the same as 
the radius of curvature of the concave mirror. Our grid had 15 
English Foot radius of curvature, 20,000 lines on the English Inches 
and 72,000 on the whole divided area. It was made with Rowland's 
new sub-machine, so the appearance of the annoying ghosts was 
almost completely avoided. Only the very strongest lines, if they were 
particularly sharp, showed traces of them. The grille was mounted in 
such a way that it could be rotated about three mutually 
perpendicular axes and was displaceable in the direction of the 


connecting rod with the camera by means of a screw, as a result of 
which it could be set exactly vertically and with the divided surface in 
the axis of the pivot. The distance between the grille and the camera 
had to be adjusted using a micrometer screw. The connection of the 
two is made by a steel tube, which is stiffened against vibrations and 
bending by a kind of wooden bridge construction. The gap, formed 
by adjustable steel cutting edges, was 0.007 mm wide for all images. 


The distance between the gap and the spark was 75 cm. In order to 
achieve more intense illumination of the gap, we used a quartz 
condenser consisting of a spherical lens with a focal length of about 5 
cm, in the focal point of which was the spark, combined with a 
cylindrical lens (with a vertical axis) of 40 cm focal length. In addition 
to a greater brightness of the spectrum, we also achieved an extension 
of the lines to 3-5 cm in the blue of the first spectrum. It is 
advantageous if, as we have done, the lines of the comparison 
spectrum on the same plate are to be spanned over the lines of the 
element to be examined. To achieve this, a screen with two 
rectangular openings was installed behind the condenser and about 
20 cm in front of the gap, which, depending on the position above or 
below, only left about two thirds of the gap free. In the recordings, the 
slit was first illuminated with the light of the element in question and 
then after turning the cover with the light of the iron arc as a 
comparison spectrum. 


There is little to be said about the recordings themselves. We used 
highly sensitive bromine silver dry plates from Dr. C. Schleußner in 
the format of 4 X 30 cm on mirror glass to avoid the measurement 
errors caused by the streaks in ordinary plates. The development was 
done in the usual way, usually with glycine; was always fixed in the 
acid fixer. The plates were not bent during the recordings, but the 
spectrum was recorded piece by piece on five plates. Of course, only 
the sharp part of the plates was used in the measurement. The 
exposure time was about 40-60 seconds for the metallic samples and 
two minutes for the recordings made using salts on carbon. The 
comparison spectrum was exposed for 15 seconds. From the 
statement that the spark spectrum of a salt using the Rhumkorff Coil 


(primary current 8 amperes at 10 volts, capacity 50 m, spark length 
without capacity 12 cm, number of sparks per second about 20) had to 
be exposed for 15 minutes, while 2 minutes was sufficient for the 
same salt using the transformer spark, the great brightness of the 
latter can be seen. 


The range of our recordings and measurements in all cases ranged 
from the outermost ultraviolet to blue with a wavelength of around 
4700 AU; the first order spectrum was used without exception. The 
arc spectrum of iron and, in the extreme ultraviolet, the spark 
spectrum of a nickel copper solution on carbon served as a 
comparison spectrum. 


2. The standard lines used. As standards, we primarily used 
Rowland's numbers from the table of standard wavelengths and only 
secondarily the information for the iron lines from the table of the 
solar spectrum, If there were no noticeable differences between these 
and the position of the line in the arc spectrum Differences. In 
addition, for the ultraviolet end of the spectrum, we determined the 
wavelength of a series of iron lines in the arc according to Rowland's 
standards, and outside of this (up to 2350) a series of copper and 
nickel lines (spark spectrum) in the second spectrum using the 
coincidence method on Rowland numbers from the first spectrum. 
The standard lines measured by us are given in the following table. 


Table of standard lines 

















Cu 2104.89 Cu 2228.94 c 2296.95 Ni 2341.30 
Ni 08.04 Cu 42.69 Ni 97.25 Fe 44.36 
Cu 12.19 Cu 47.10 Ni 97.59 Fe 54.96 
Cu 23.08 Ni 53.79 Ni 98.37 Ni 56.49 
Cu 26.12 Ni 53.94 Ni 99.75 Fe 59.18 
Cu 36.08 Ni 56.22 Ni 2300.20 Fe 60.08 
Cu 49.08 Ni 64.57 Ni 02.58 Ni 67.47 
Ni 65.66 Ni 70.31 Ni 03.09 Fe 68.66 
Ni 69.19 Ni 74.82 Ni 05.33 Cu 69.94 
Ni 74.76 Ni 75.79 Ni 08.59 Fe 73.82 
Ni 75.22 Cu 76.35 Fe 09.10 Fe 75.26 
Cu 79.48 Ni 77.39 Ni 11.08 Ni 75.51 
Ni 80.57 Ni 78.42 Ni 13.02 Fe 79.34 
Ni 84.70 Ni 78.87 Fe 13.18 Fe 80.85 
Ni 85.59 Fe 80.03 Ni 16.13 Fe 84.47 
Cu 89.69 Fe 84.16 Ni 18.60 Ni 87.86 
Cu 92.35 Ni 86.25 Ni 19.84 Ni 92.71 
Ni 2201.51 Ni 87.18 Ni? 20.16 Ni 94.64 
Ni 06.80 Ni 87.74 Fe 20.47 Fe 2413.41 
Cu 10.35 Fe 89.08 Ni 26.55 Ni 16.22 
Cu 18.19 Ni 90.10 Fe 27.48 Fe 21.79 
Ni 20.50 Cu 91.21 Fe 31.40 Fe 24.24 
Ni 24.94 Cu 94.45 Fe 32.89 Fe 29.57 
Ni 26.41 Ni 96.66 Fe 38.08 Fe 31.12 
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2437.97 
38.26 
39.81 
41.74 
42.67 
50.54 
53.57 
58.86 
63.82 
65.25 
67.83 
68.97 
71.06 
74.90 
76.75 
78.70 
80.26 
86.45 
87.15 
89.05 
92.26 
93.34 
94.08 
96.63 
98.99 

2501.80 
03.61 
07.99 
11.00 
11.85 
16.20 
17.75 
19.71 
22.01 
23.75 
25.13 
25.49 
30.79 
34.53 
37.24 
39.42 
42.20 
43.49 
44.01 
46.98 
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2551.20 
56.96 
62.64 
63.56 
67.01 
70.64 
75.85 
76.77 
82.41 
82.70 
88.10 
91.64 

2605.76 
07.17 
12.85 
13.91 
17.71 
18.11 
20.54 
21.77 
25.76 
28.39 
29.66 
32.34 
35.89 
41.75 
44.10 
47.66 
51.81 
56.24 
62.15 
66.51 
66.91 
69.58 
73.33 
80.56 
89.30 
95.15 
9711 
99.19 

2704.06 
08.65 
11.75 
14.49 
18.51 
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2720.28 
27.64 
28.10 
28.90 
34.36 
37.06 
39.62 
43.26 
44.17 
44.62 
47.09 
51.01 
53.80 
54.15 
57.42 
59.91 
62.15 
73.36 
74.84 
79.40 
83.81 
89.92 
97.88 

2804.64 
07.10 
08.43 
15.62 
17.60 
24.46 
28.90 
31.67 
35.65 
40.09 
40.55 
44.09 
45.73 
48.80 
50.75 
59.00 
62.61 
63.54 
63.97 
66.74 
69.40 
72.45 
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2874.27 
80.87 
87.93 
92.64 
94.63 
95.15 
98.49 
99.54 

2901.01 
02.05 
07.64 
18.13 
20.80 
25.48 
26.69 
39.39 
41.46 
44.50 
48.55 
49.32 
50.37 
54.75 
60.13 
65.95 
70.65 
76.24 
79.48 
80.65 
84.93 
86.55 
90.50 
96.50 

3008.24 
20.75 
34.22 
39.40 

3112.20 

3248.33 
53.06 
83.04 
96.65 

3829.56 
37.30 
71.89 





In recent times, H. Kayser has also determined a number of standards 
in the arc spectrum of iron with great accuracy. Unfortunately we 
could no longer use the same in our measurements. 


3. The measurement of the spectra. The spectra were not measured 
using the usual method with a microscope, but in an objective way by 
projecting the photograms onto a split screen. This method has been 
at least equivalent to the usual in terms of accuracy, but far superior 
to it in terms of clarity and speed. The measuring device consists 
essentially of the projection device and the screen. The former is 
formed by a carriage that is vertically and laterally displaceable on a 
horseshoe tripod, with the projection objective, a group antiplane f. 
6.3 from Steinheil with 21 cm focal length, at the other end carries the 
guide for the plate holder. The whole system can be moved in the 
direction of the optical axis by tooth and drive. The plate carrier is 
constructed analogously to the microscope tables and allows the plate 
embedded in a frame to be shifted in two directions perpendicular to 
each other in its own plane, as well as being rotated around a 
horizontal, optical parallel axis by about 15°. The purpose of the latter 
is to position the lines vertically on the screen, which, incidentally, is 
not absolutely necessary for measurement. The two movements 
mentioned earlier allow the plate to be shifted in the direction of the 
spectrum and in the direction of the lines. This is necessary in order to 
be able to set certain lines and certain parts of them on the screen. The 
entire projection system can be moved on the slide guide in the 
direction of the optical axis by 10 cm, so that the magnification can be 
precisely regulated within narrow limits without noticeably 
impairing the sharpness. 


A Schuckert projection lamp, which was operated with direct current 
of 15 amps and 110 volts, served as the light source. 


The projection screen has a length of 3 m and a height of 1.3 m; it 
consists of awooden frame covered with drawing paper, with an iron 
bar of 30 cm horizontally on each side at its upper end, lengthwise. 
The umbrella is suspended from these rods, which run over fixed 
rollers, in such a way that it can easily be moved laterally in its plane. 
In order to avoid bending the frame, the lower end of the whole 
screen runs in a fixed slot. The plane of the screen is placed once and 
for all vertically on the optical axis of the projection system. In the 
middle, the shade has a horizontal millimeter division, which, made 
ona special strip, was attached to the shade with adhesive wax. 
Parallel to this, two identical scales are attached above and below ata 
distance of 25 cm, which are not used for measurement, but only for 
occasional orientation. The magnification of the projection head is 27 
times and chosen so that one angstrom unit on the screen corresponds 
to a distance of 1 cm. On the plate there was 1 AU = 0.372 mm. This 
necessitates a distance of the projection apparatus from the screen of 
6.65 m. 


The measurement process is now as follows: The plate is inserted into 
the projection apparatus and the desired part of the spectrum is 
casually set on the screen according to known iron lines. By lifting or 
lowering the plate, that part is brought to the middle scale in which 
the two spectra overlap; turning the cross table allows the lines to be 
positioned vertically. By shifting the screen sideways in its guide, the 
wavelengths of the standard lines, which are found on a tape along 
the screen, are set precisely to hundreds of angstrom units, and any 
errors in the magnification while continuously monitoring the 
standard lines by moving the projection apparatus by means of the 
drive in the Compensated direction of the optical axis. The 
wavelengths of the lines between the standards are then read. All of 
these operations are extremely simple and quick to perform. 
Correcting the magnification to the desired level is only necessary in 
rare cases. 


It often happens, at least with line-rich elements, that in the 
overlapping part of the spectra lines of the element are covered by 
those of the comparative iron. Then it is necessary to first measure a 


series of clear lines of the element in the game in question, then to 
move the plate in the projection apparatus in such a way that only the 
element spectrum comes to lie on the middle scale and, using the 
lines previously measured as standards, the remaining to determine. 


The field of view on the screen is 250 AU, but only the middle 100 AU 
were used for the measurement, because only within this range did 
the image through the lens prove to be completely correct, as was 
shown by special measurements. 


It is easy to show that this objective type of measurement has a large 
number of advantages over the otherwise common comparator 
method. On the other hand, it has no significant disadvantages 
compared to it, unless it was that it is easier to position the crosshair 
on the center of a line than to read it on a scale, and that it has a larger 
space and, as a rule, the simultaneous use of two observers requires, 
one of which provides the reading, the other the recording and the 
operation of the projection apparatus. We cannot accept what H. 
Kayser cites as disadvantages of our method. The lower accuracy we 
achieved then was voluntary and not due to the method, which, as 
will be shown numerically in the next paragraph, is at least equal to 
the comparator method. Any errors in the division of the scale affect 
the result thirty times less than the same errors in the screw and can 
moreover be checked as easily as the latter. Errors in the norms can be 
corrected on the screen just as well, only in a much shorter time than 
with the calculation, and that distortions of the lens are not yet 
noticeably absent, one can easily convince yourself of this by checking 
the lens once. Both methods work equally well that the wrong setting 
of a standard line should falsify all numbers in a large area equally. In 
both cases, it is important to have as many standard lines as possible. 
However, while the wrong setting of a standard line under the 
microscope only arises afterwards during the calculation, we 
immediately notice it by comparing it with neighboring standard 
lines. 


The advantages of our method, however, can be cited as follows. 


Above all, you can never be able to specify a wavelength with greater 
accuracy than it corresponds to real accuracy, since the wavelength is 
just read directly. On the other hand, the position of the drum is read 
with a microscope, and with a single adjustment it is not known to 
what extent this reading corresponds to reality. This can be seen most 
clearly with blurred lines: in front of the screen there is no doubt as to 
which limit of the reading you can go to. The reading of the drum on 
the screw is done in the same way for sharp and unsharp lines. 
Another advantage of our method that should not be underestimated 
is that there is no calculation by reading the wavelengths directly 
from the screen. The time saved as a result is enormous, as can be 
seen from the information given at the beginning about the duration 
of our measurements. Also, the fact that the effort of the eyes is 
negligible compared to that when using the microscope should not be 
underestimated, as soon as it involves the measurement of numerous 
spectra or extensive spectral analysis investigations. By overlooking a 
large field of view at the same time and automatically recording the 
wavelengths of all the lines in it on the screen, you get a quick 
overview and immediately recognize those lines that correspond to 
frequently occurring impurities, yes you can tell from the occurrence 
or absence about suspected contamination in the shortest possible 
time without any measurement. The estimation of the intensities, 
however vague it remains, is greatly facilitated by the presence of 
many lines in the visual field. For spectral analysis, for example when 
it comes to determining the alternate contamination of elements of the 
same group, our method is probably the only one that can be used in 
practice if it is a matter of line-rich elements. While using the 
microscope there is no other option than to measure and calculate 
each image of a sample completely, in our case it is sufficient to 
project it in order to determine any foreign line in the shortest 
possible time using the wavelength table of the element in question. 
In the case of extensive measurements and reproductions of 
wavelength tables, errors in the figures can hardly be avoided. It is 
therefore highly desirable if the control of a wavelength suspect for 
any reason can be carried out quickly. We have found that this takes 
one and a half to two minutes for a line chosen arbitrarily from all 
elements according to our method. Very weak lines, which can no 
longer be adjusted under the microscope, can still be seen and 
measured quite well in the projection. Very wide lines that take up 


more than the field of view of the microscope can no longer be 
measured with it. In the projection, however, such lines appear due to 
the astigmatism of the grids and in the position that we have given 
the aperture, going up and down in sharp peaks. If you place a ruler 
on the screen that carries a long thread parallel to this at a distance of 
a few centimeters, you can very precisely determine the position of 
the maximum intensity of the line by coincidence of the thread 
shadow with the line tips. Finally, it should be mentioned that an 
error in the standard lines, which can occur under the microscope, is 
completely excluded in the projection by checking with neighboring 
standard lines. 


4. The accuracy of the measurements. Our observation material 
provides numerous evidence of the accuracy of the measurements. 
With a view to a later comparison with measurements of the arc 
spectra, it must be said that the lines of the spark spectra never show 
such a sharpness as that. This is because the shifts in the lines in the 
spark that occur at different pressures and different vapor densities 
are stronger than in the arc. In the following comparison, these shifts 
are not taken into account other than that we have only chosen 
elements with weak shifts. In many cases, the calculated differences 
will in part also be caused by shifts that occur, which is also 
supported by the fact that in most cases the deviations lie in terms of 
the shifts. It should be expressly mentioned that all of the following 
numbers do not refer to mean values of the wavelengths, but to the 
direct one-off readings. 


The following is a measure of the accuracy of the reading itself: We 
measured the same samarium image twice in an interval of several 
weeks. Ihe differences between the readings on both sides give a 
measure of their accuracy, and we denote by A the mean of all 
differences regardless of the sign. For 103 lines, A=0.013 AU. The 
deviations were 10 in 28 cases 


28 cases 0.00 ZE 
32 = 0.01 Z 
30 7 0.02 E 


10 cases 0.03 ZE 
2 2 0.04 ZE 
1 u 0.05 Z 


0.05, deviations greater than 0.05 ZE did not occur. It should be noted 
that the lines of the samarium do not belong to the sharp ones and 
that in the measured area all lines, including the fuzzy ones, were 
used for comparison. The following information may serve as a 
benchmark for recordings on different plates and under different 
conditions. With 13 manganese lines measured in both nickel and 
cobalt, A = 0.017 AU. 50 iron lines, as impurities in nickel, cobalt and 
chrome, gave each other = 0.011 AU; in contrast, for a further 235 iron 
lines from the above-mentioned elements, compared to the lines of 
our iron spectrum, A = 0.018 ZE. The larger value in the latter case is 
probably due in part to the not negligible shifts in many iron lines. 
Common lines in the samarium and gadolinium spectrum gave A = 
0.017 AU in 703 cases. 54 platinum lines, appearing as impurities in 
the iridium and palladium, gave A = 0.016 AU and 53 iridium lines 
made of platinum and rhodium A = 0.017 AU. 31 lines of erbium, 
measured in the holmium spectrum, gave z = 0.013 AU. 75 lines of 
erbium and ytterbium in an investigated rare earth preparation gave 
0.014 AU against the lines of the pure spectra. 88 lines of iron in 
chromium, measured according to chromium lines, which were 
themselves based on iron standards, gave A = 0.014 AU. It is 
important to see that the accuracy does not suffer significantly with 
this double measurement, because in our method of overlapping 
spectra, as already mentioned, this way out must be taken when a line 
of the element is covered by that of the comparative iron. In this case, 
the differences are distributed as follows. You were in 


17 cases 0.00 Z 
34 = 0.01 u 
23 u 0.02 u 
9 = 0.03 2 


5 z 0.04 ® 


0.01. There are no major differences. It should be mentioned that, 
since this is again a comparison of iron as an impurity 


deals with pure iron, the differences greater than 0.03 ZE are partly 
due to shifts in the iron lines, since where these occur our numbers of 
impurities closely match the Kayserian numbers of the arc spectrum. 
In this case, deviations of 0.04 AU only occur twice. 


The above information therefore includes a total of 1531 cases with an 
average of A = 0.015 AU. However, this value, which, as already 
mentioned, relates to a single reading, is still somewhat higher than in 
our current measurements, for the following reason. The older part of 
our measurements was not carried out on mirror glass plates, but on 
those made of fine sol glass. Now, however, the streaks of the latter, if 
not absolutely disturbing, are nevertheless sufficient to depress the 
measuring accuracy. This becomes clear when you arrange the 
material used above for the type of plate. One obtains A = 0.0166 AU 
for recordings on sol glass in 1211 cases, and A = 0.0127 Z for those 
on mirror glass from 320 cases. 


We took another check for our measuring accuracy from the lines of 
the platinum spectrum. These have been subjected to a precise 
measurement by Kayser and earlier by Rowland. The figures given 
for both are in thousandths of the Angstrom unit and are mean values 
from repeated measurements in spectra of higher order large grids. 
We have more than 80 lines in the spark spectrum in common with 
the arc spectrum. If one forms the mean differences die for the 
measurements by Kayser and Rowland, one obtains I = 0.010 AU. For 
the differences between our measurements and those of Rowlands 
there is A = 0.015 AU, and finally for those between ours and those of 
Kaysers i = 0.014 AU. The biggest differences are as follows: 


K-R 0.046 ZB 
EH-R 0.044 ZB 
EH--K 0.058 A 


The last Rowland number given in Kayser's platinum table is omitted 
as apparently wrong. 


From these numbers we must first conclude that our accuracy 
achieved with individual measurements is quite satisfactory; further, 
however, since both Rowland and Kayser achieved a much greater 
accuracy of the mean in their repeated measurements of the same 
line, that their recordings, although arc spectra on both sides, were no 
longer completely identical. Rather, it appears that the changes in the 
wavelengths, which were caused by the variable vapor density and 
pressure ratios in the two-sided recordings, go beyond the 
measurement errors, which results in the use of such a high degree of 
accuracy when it comes to determining wavelengths, becomes 
illusory. Only if the conditions for the recording remain completely 
the same, which is unlikely to be achievable in practice, or if a 
particular line is studied under different circumstances, would a 
further accuracy have a real background. 


From the above information it follows that our measurements have an 
average value of A = 0.015 ZB and those on mirror glass plates have a 
value of A = 0.0127 Z. If you compare Kayser's latest measurements 
from the platinum group, the following results. For a series of 
ruthenium lines, which, like all lines of the elements of the platinum 
group, belong to the very sharp ones, Kayser gives the individual 
measurements, from which a value A = 0.006-0.007 AU results. Since 
the grating used by him has the 112 fold dispersion of ours and his 
measurements were carried out in the spectra of different orders, he 
would have to get three times the dispersion and thus three times the 
accuracy of the individual measurement if the methods of both sides 
were the same his numbers relate to the second-order spectrum (we 
could not find any details on this.) The numbers show that its 
accuracy is not quite three times that of ours, and it follows that our 
comparator method is at least equivalent to accuracy. 


A comparison of our mistakes with those of Hasselberg leads to the 
same result. For Hasselberg, 156 lines common to nickel and cobalt 


and 763 lines in chrome result in an average difference A = 0.023 AU. 
It should be noted, however, that these lines were measured in the 
third spectrum and the wavelength of each line is the average of three 
readings. Since our measurements refer to a single reading in the first 
spectrum, the dispersion of his grating, which is unknown to us, 
would have to be very small, or our measuring method is much 
better. A comparison of the Hasselberg numbers of the vanadium 
lines with those of Rowlands shows A = 0.020 AU for 431 lines; Here, 
however, the Hasselberg numbers are the mean of six measurements 
in the third spectrum, and yet the mean difference is even greater 
than ours. 


In order to get a direct comparison of the two methods with repeated 
reading of the same line, we determined the wavelengths for 
individual lines by repeated measurements using both methods. In 
the case of a line of the tin, which is not particularly sharp, but is 
nevertheless well measurable, the mean error of the result with the 
comparator was 0.0034 ZE and according to our method 0.0024 ZE after 
five measurements. For a much stronger line of the same element, 
washed out according to Roth, the mean error of the result was 0.0077 
Z with the comparator and 0.0043 ZE with the screen. In the latter 
case, the standard lines were of course reset for each measurement. 
The magnification of the comparator microscope was about thirty 
times, that is, as large as that of the objective reading. This results in 
greater measuring accuracy with the screen than with the comparator. 


In his measurements of platinum metals for a series of sharp lines in 
the ruthenium spectrum, Kayser gives the mean errors of the result 
from four readings each. These fluctuate between 0.001 and 0. 004 AU 
with an average of 0.0029 AU. So they do not differ significantly from 
ours, and if one takes into account the fact that they were obtained 
with about three times the dispersion, the results of our method must 
be regarded as satisfactory. 


Finally, the very recent measurements by E. Laird) regarding the 
absorption spectrum of chlorine should be mentioned. The 
measurements of the wavelengths are carried out with the 
comparator and are given in thousandths of the angstrom unit. 
Although the lines are sharp, there is an average error of 0.0150 ZE on 
average, with about four adjustments to the lines. So the error is much 
larger than ours, but it should be noted that the dispersion of the 
grating used is only about two thirds of ours. 


It follows from all of the above that the objective method of 
measurement, quite apart from the colossal saving of time and effort, 
is also superior to the subjective method in terms of accuracy. It may 
well be that the latter offers advantages in some cases, for example 
when studying individual lines, because of the smaller apparatus. In 
the case of extensive spectral analysis investigations, the objective 
method will always have an advantage. 


If we have generally been satisfied with the average accuracy of 0.015 
AU achieved with individual measurements, this will appear justified 
by the displacements of the lines discussed in the next paragraph 
depending on the test conditions. 


5. The line shifts. When the line is repeatedly measured on different 
recordings, it often happens that the wavelengths obtained show 
differences which far exceed the possible measurement errors. This is 
particularly noticeable with strong lines in elements with little line. 
Not all lines of the same element show, but only individual ones of 
such shifts. It is the one phenomenon that was first studied by 
Humphreys and Mohler in a series of works on arc spectra and 
attributed to variable pressure in the arc. In our experience, these 
shifts occur even more intensely in spark spectra than in arcs and 
depend not only on the pressure, but also on the partial density of the 
steam examined. These shifts are characterized in that they are 
independent of their size with increasing steam density, i.e. even with 
increased intensity of the lines are always directed towards the side of 
the longer wavelengths, if a line appears reversed, the inversion is 


generally not or only slightly shifted, depending on the fact that the 
outer inverting layer of the arc or spark is only one has low vapor 
density. One sees therefore with reversed, easily displaceable lines the 
reversal usually eccentric, and stand in line according to violet. In 
individual cases, such as B. with some calcium lines, this 
phenomenon occurs so strongly that the reversal comes to the violet 
edge of the line. In the case of abnormal pressure and density ratios, 
however, the reversal may also shift to Roth. This occurs especially 
with easily reversible lines. The following numbers may serve as an 
example for the different position of the line at different intensity 
(vapor density). With a line of aluminum, the following values 


resulted: 
A i 
3961.68 1 
3961.70 2 
3961.71 3 
3961.74 100 


The two main lines of silver showed the following variations: 


A i A i 
3280.80 1 3383.04 1 
3780.83 3 3383.05 3 
3280.86 5 3383.09 4 
3280.81 100 u 3383.03 100 u 


Also in the arc spectrum, the wavelengths vary depending on the 
conditions of the exposure, as can be seen from the numbers given by 
Rowland on the one hand and Kayser on the other for the platinum 
metals. Although these metals in particular have only slight 
displacements, the differences between the measurements on both 
sides lie outside the error limits and predominantly with Ka y ser 
according to the direction of the longer wavelengths; Since Kayser 
gives far more lines in these spectra than Rowland, he will probably 
have worked with a higher vapor density than this, which would 
explain the shifts. 


Achieving a measurement accuracy that exceeds the size of the 
displacements therefore has little purpose when it comes to 
identifying lines. It is different, of course, when studying individual 
lines if it is e.g. B. is the behavior of the same in different 
circumstances. We therefore also believe that the accuracy of the 
individual measurements achieved by us, on average 0.015 AU, is 
sufficient for the present purpose. In the following tables of the strong 
lines, which should enable identification in a spectrum, we have 
given the wavelengths and intensities for strong and strongly shifted 
lines, which, if the element in question occurs as an impurity, they 
also indicate . These numbers are in the table in square brackets [| ] 
and are always in the immediate vicinity of the number of the main 
line. We did not count lines whose wavelengths do not vary by more 
than 0.02 AU under the various conditions to the shifted ones. But it 
is not out of the question that many strong lines, which we did not 
have the opportunity to measure as impurities, can nevertheless shift. 
Those lines for which we were able to convince ourselves by 
measuring the contamination that they do not move noticeably are 
marked with an asterisk 2 


6. Characteristics of the spectra. We have examined a total of 75 
elements. These are all currently known, with the exception of the 
rare gases argon, helium, etc., which would not be easy to examine 
under normal pressure, and terbium. This body, even if it is one of the 
elements, is currently not shown in such purity as would be necessary 
for spectroscopic purposes. Incidentally, this can also be said of the 
terbium preparation that Roscoe and Schuster examined at the time 
using spectral analysis. The lines they measured belong almost 
without exception to the samarium and gadolinium. This also 
coincides with the fact that it was not possible for us in a complete 
series of fractions of the ytter earths available to us to prove with 
certainty anything other than samarium, gadolinium, holmium, 
erbium and yttrium between the end members neodymium and 
ytterbium. The presence of another body in this series and a large 
number of the lines of its spectrum, we could certainly state, but it 
was the Europium that E. Demarcay presented shortly thereafter. If 
the terbium, which was in any case close to the gadolinium, had been 
present in the same amount as the rare europium, we should have 
recognized it as well. All dark brown oxides in this series were found 


to be mixtures of holmium, gadolinium and samarium with a 
spectrum quite analogous to that observed by Roscoe and Schuster at 
the time. 


The absence of the rare gases in our tables should not be of major 
concern in practice; firstly, they occur only sparingly in nature, and 
secondly, gases can hardly be detected at all by spectral examination 
of the materials under normal pressure. In the case of a special 
examination for gases, the Geißler tube method will probably always 
be used with advantage. 


If one looks at the examined spectra as a whole with regard to their 
character, one recognizes a certain regularity in connection with the 
periodic system. Both the number of lines assigned to the individual 
elements, their distribution in the spectrum and their character prove 
to be functions of the atomic weights. This is best shown in the 
following table, in which, in addition to the atomic weights, the 
number of lines in the range we measured is also given. 


With reference to this table it can be said that the character of the 
spectra of those elements which form a vertical series is a similar one. 
The elements that form the center of the table are characterized by 
numerous and sharp lines that appear easily, even if there are only 
traces of the elements. The elements of the last six vertical rows show 
few, but strong and easily reversible lines, which are difficult to 
obtain from connecting the elements. The first two vertical rows are 
also characterized by strong lines that are also easy to obtain from 
connections. The horizontal rows of the table also show a certain 
general behavior: the right end of them contains the elements whose 
lines accumulate in the extreme ultraviolet, while those in the left half 
have the majority of their lines in the visible part of the spectrum. 


A particularly regular dependency on atomic weight is shown by the 
number of lines that an element receives. If the latter are classified 
according to atomic weights, the line numbers show a periodic 
increase and decrease with a generally increasing tendency towards 
the high atomic weights. In the figure above, the latter are plotted as 
abscissas and the line numbers as ordinates. If the number of lines for 
the group of rare earths lags behind the values to be expected after 
the course of the curve, this may be due to the fact that only 
compounds of the elements and only a small amount were available 
for recording these spectra, while vanadium , Molybdenum, tungsten 
and uranium, which form the remaining maxima, were taken up 
directly from metals. With regard to the elements thulium and 
radium, it should also be noted that their position in the periodic 
system is still questionable and the number of lines given by us is in 
any case too small, since pure preparations of these elements were not 
available to us. 


The above curve of the line numbers shows a broad analogy with the 
curve which Humphreys gives for the displacements of the lines by 


pressure. By plotting the atomic weights as abscissas and the 
displacements as ordinates, he obtains a curve that is, so to speak, the 
reflection of ours, in that his maxima meet our minimis and vice 
versa. It follows from what has already been mentioned that only 
elements with few lines show strong shifts; a look at the curve of the 
line numbers also provides information about the size of any 
expected shifts. 


7. Arrangement of the tables. We give the results of the screening of 
the ultraviolet spark spectra of the elements in the following tables. 


These are divided into three parts: firstly a table of the main lines, 
secondly a table of the stronger lines of all elements ordered 
according to wavelengths and thirdly the complete spectra of the 
individual elements. The first part contains all the elements after the 
chemical symbols are arranged alphabetically and indicate few main 
lines for each element, which must first appear if the element is 
present at all. The purpose of the table is to quickly convince yourself 
whether a certain element is present in an unknown spectrum or not. 


The second part, the main table, contains all lines of all elements, the 
intensity of which is greater than 2 on our scale. These lines are 
ordered by wavelength, with the addition of the element to which 
they belong, and enable the quickest possible identification of 
unknown lines. 


The third part finally includes the complete spectra of the individual 
elements in the alphabetical order of the symbols; in these all 
measured lines have remained, which are not ascertained impurities 
such as Fe, Ca, Ba, Sr, Mg, Cu, Ag, Al, C, Si, Mn, Ti, Ni, Pb. In 
contrast, all lines of elements belonging to the same group as the one 
under investigation were usually left in the tables, with the chemical 
symbol in question. In this way you can convince yourself at least to 
some extent of the purity of the sample examined. To make this even 
easier, the elements at the top of the individual tables are those that 


could be proven as safe contaminants, but the numbers of which have 
been omitted. 


Our intensity scale follows Rowland's: We denote the weakest lines 
with 1, the higher intensities then increasing to 10 and further with 15, 
20, 30, 50, 100, 200, 500 and 1000. These high intensities only come 
with low-line elements, such as the alkaline earths; in spectra with 
many and sharp lines, e.g. For example, those of the platinum metals, 
the intensities seldom rise above the value 10. All intensity 
information is based only on estimation by the eye, and can only 
claim to be correct within the same spectrum. 


The following characters are used to characterize the individual lines: 


+ means out of focus 

d & double 
br = wide 

u “ vice-versa 

r = out of focus after red 
v z out of focus after violet 


These names apply to all tables. 


A number in square brackets [| | means for shifted lines the 
wavelength if the line was measured as an impurity, ie with low 
intensity; an asterisk * means that the line does not move. These latter 
names do not appear in the tables for the individual elements, since 
the spectra actually measured are given there. 


